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TRANSMISSION OF HARQ CONTROL
INFORMATION FROM A USER EQUIPMENT
FOR DOWNLINK CARRIER AGGREGATION

PRIORITY

The present application is a Continuation Application of
U.S. application Ser. No. 13/205,741, which was filed in the
United States Patent and Trademark Office (USPTO) on Aug.
9, 2011, which claims priority under 35 U.S.C. §119(e) to
U.S. Provisional Application No. 61/371,861, which was
filed in the USPTO on Aug. 9, 2010, the contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed generally to wireless
communication systems and, more specifically, to the trans-
mission of acknowledgement information in an uplink of a
communication system.

2. Description of the Art

A communication system includes a DownLink (DL) that
conveys transmission signals from a Base Station (BS or
NodeB) to User Equipments (UEs) and an UpLink (UL) that
conveys transmission signals from UEs to the NodeB. A UE,
also commonly referred to as a terminal or a mobile station,
may be fixed or mobile and may be a wireless device, a
cellular phone, a personal computer device, etc. A NodeB is
generally a fixed station and may also be referred to as a Base
Transceiver System (BTS), an access point, or some other
equivalent terminology.

More specifically, the UL conveys data signals carrying
information content, control signals providing control infor-
mation associated with the transmission of data signals on the
DL, and Reference Signals (RSs), e.g., pilot signals. The DL
also conveys data signals, control signals, and RSs.

UL data signals are conveyed through a Physical Uplink
Shared CHannel (PUSCH) and DL data signals are conveyed
through a Physical Downlink Shared CHannel (PDSCH).

In the absence of a PUSCH transmission, a UE conveys UL
Control Information (UCI) through a Physical Uplink Con-
trol CHannel (PUCCH). However, when it has a PUSCH
transmission, a UE may convey UCI and data through the
PUSCH.

DL control signals may be broadcast or sent in a UE-
specific nature. Accordingly, UE-specific control channels
can be used, among other purposes, to provide UEs with
Scheduling Assignments (SAs) for PDSCH reception, i.e.,
DL SAs, or PUSCH transmission, i.e., UL SAs. The SAs are
transmitted from the NodeB to respective UEs using DL
Control Information (DCI) formats through respective Physi-
cal DL Control CHannels (PDCCHs).

The NodeB may configure a UE through higher layer sig-
naling, such as Radio Resource Control (RRC) signaling, a
PDSCH Transmission Mode (TM), and a PUSCH TM. The
PDSCH TM or PUSCH TM is respectively associated with a
DL SA or a UL SA and defines whether the respective
PDSCH or PUSCH conveys one data Transport Block (TB) or
two data TBs.

PDSCH or PUSCH transmissions are either scheduled to a
UE by the NodeB through higher layer signaling, such as
Radio Resource Control (RRC) signaling, or through physi-
cal layer signaling, e.g., a PDCCH, using a respective DL SA
or UL SA, or correspond to non-adaptive retransmissions for
a given Hybrid Automatic Repeat reQuest (HARQ) process.
Scheduling by RRC signaling is semi-static and is referred to

20

30

40

45

60

2

as Semi-Persistent Scheduling (SPS). Scheduling by PDCCH
is referred to as dynamic. If a UE misses, e.g., fails to decode,
a PDCCH, it also misses the associated PDSCH or PUSCH,
respectively. This event will be referred to as Discontinuous
Transmission (DTX).

The UCI includes ACKnowledgment (ACK) information
associated with a HARQ process (HARQ-ACK). The
HARQ-ACK information may include multiple bits corre-
sponding to positive acknowledgments (ACKs) for TBs the
UE correctly received or negative acknowledgements
(NACKSs) for TBs the UE incorrectly received. When a UE
does not receive a TB, it may transmit DTX (tri-state HARQ-
ACK information) or both the absence and the incorrect
reception of a TB can be represented by a NACK (in a com-
bined NACK/DTX state). One consequence of a UE not pro-
viding DTX information to the NodeB is that the NodeB
cannot use Incremental Redundancy (IR) for the HARQ pro-
cess. This leads to throughput loss. Another consequence is
that PDCCH power control, based on DTX feedback, is not
possible.

FIG. 1 illustrates a conventional PUSCH transmission
structure.

Referring to FIG. 1, a Transmission Time Interval (TTT) is
one subframe 110, which includes two slots. Each slot 120
includes NsymbUL symbols, which are used to transmit data
signals, UCI signals, or RSs. Each symbol 130 includes a
Cyclic Prefix (CP) to mitigate interference due to channel
propagation effects. The transmission in one slot may be
either at a same or at a different BandWidth (BW) than the
transmission in the other slot. Some PUSCH symbols in each
slot are used to transmit an RS 140, which enables channel
estimation and coherent demodulation of the received data
and/or UCI signals.

The transmission BW includes frequency resource units
that will be referred to herein as Physical Resource Blocks
(PRBs). Each PRB includes N, *Z sub-carriers, or Resource
Elements (REs), and a UE is allocated Mz, gy PRBs 150 for
a total of M, " “F-M_, sy N, Z REs for the PUSCH
transmission BW.

The last subframe symbol may be used for transmitting a
Sounding RS (SRS) 160 from one or more UEs. The SRS
provides, to the NodeB, an estimate of the channel medium
the respective UE experiences over the SRS transmission
BW. The SRS transmission parameters are configured to each
UE, by the NodeB, through higher layer signaling.

In FIG. 1, the number of subframe symbols available for
transmission of data or UCI signals is N_,,,”“*““=2-
(NsymbUL—l)—NSR s> where N =1 if the last subframe sym-
bol is used for SRS transmission and Ny, ~0 otherwise.

FIG. 2 illustrates a conventional transmitter for transmit-
ting data information and HARQ-ACK information in a
PUSCH.

Referring to FIG. 2, encoded HARQ-ACK bits 210 and
encoded data bits 220 formed into a signal stream by punc-
turer/inserter 230. Discrete Fourier Transform (DFT) is then
performed by DFT unit 240. The REs for the PUSCH trans-
mission BW are selected by the sub-carrier mapping unit 250
as instructed from controller 255. Inverse Fast Fourier Trans-
form (IFFT) is performed by an IFFT unit 260, CP insertion
is performed by a CP insertion unit 270, and time windowing
is performed by filter 280, thereby generating a transmitted
signal 290. For brevity, the encoding and modulation pro-
cesses and additional transmitter circuitry such as digital-to-
analog converter, analog filters, amplifiers, and transmitter
antennas are not illustrated.

The PUSCH transmission is assumed to be over a single
cluster 295A or over multiple clusters 295B of contiguous
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REs in accordance to the DFT Spread Orthogonal Frequency
Division Multiple Access (DFT-S-OFDMA) method for sig-
nal transmission.

FIG. 3 illustrates a conventional receiver for receiving a
transmission signal as illustrated in FIG. 2.

Referring to FIG. 3, an antenna receives a Radio-Fre-
quency (RF) analog signal and after further processing, e.g.,
such filtering, amplification, and analog-to-digital convert-
ing, the received digital signal 310 is filtered by filter 320 and
the CP is removed by CP removal unit 330. Subsequently, the
receiver unit applies a Fast Fourier Transform (FFT) by an
FFT unit 340, and selects the REs used by the transmitter by
sub-carrier demapping by a sub-carrier demapping unit 350
under a control of controller 355. Thereafter, an Inverse DFT
(IDFT) unit 360 applies IDFT, and an extraction unit 370
extracts the HARQ-ACK bits, places erasures at the respec-
tive REs for the data bits 380, and finally obtains the data bits
390.

The RS transmission is assumed to be through a Constant
Amplitude Zero Auto-Correlation (CAZAC) sequence.
Orthogonal multiplexing of CAZAC sequences can be
achieved by applying different Cyclic Shifts (CSs) to the
same CAZAC sequence.

Assuming, for simplicity, that the PUSCH conveys a single
data TB, for HARQ-ACK transmission in a PUSCH, a UE
determines a respective number of encoded HARQ-ACK
symbols Q' using Equation (1).

|| Onarg.ack 'ﬁ%ﬁ?ﬂa{ O]
o= mmU 4. MPUsCH

Onm-R

In Equation (1), Oz 4z 4cx 15 @ number of HARQ-ACK
information bits (HARQ-ACK payload), BoﬁetHARQ'ACK isa
parameter the NodeB informs to the UE through higher layer
signaling, Q,, is a number of data information bits per modu-
lation symbol (Q,=2, 4, 6 for QPSK, QAM16, QAMO64,
respectively), R is a data code rate of an initial PUSCH
transmission for the same TB, M, Z“*“# is a PUSCH trans-
mission BW in a current subframe, and [ | is the ceiling
function that rounds a number to its next integer.

The data code rate R is defined as shown in Equation (2).

2
/ (Qy - MPUSCH=iniial . \PUSCH-inital

=0

CB-1
R:[Z K,

In Equation (2), CB is a total number of data code blocks
and K, is a number of bits for data code block number r.

The maximum number of encoded HARQ-ACK symbols
is limited to the number of REs in 4 DFT-S-OFDM symbols
(4-M, F¥“H) which may be located in the two DFT-S-
OFDM symbols adjacent to the RS in each of the two sub-
frame slots, as illustrated in FIG. 1.

The determination of the number of encoded HARQ-ACK
symbols when a PUSCH conveys multiple TBs, using for
example the Single-User Multiple Input Multiple Output
(SU-MIMO) transmission method, is similar to when a
PUSCH conveys one TB. Accordingly, a repetitive descrip-
tion is omitted for brevity, as it is not material to the present
invention.

If a PDSCH conveys one TB, the respective HARQ-ACK
information includes one bit, which is encoded as a binary “1°,
if the TB is correctly received (ACK value), and as a binary
‘0’, if the TB is incorrectly received (NACK value). If a
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PDSCH conveys two TBs, the HARQ-ACK information
includes two bits [0, 0, %] with or for TB 0 and 0,*“* for
TB 1. The transmission of one HARQ-ACK bit may use
repetition coding and the transmission of two HARQ-ACK
bits may use a (3, 2) simplex code.

A PDSCH with multiple TBs (e.g., two TBs) can be sup-
ported using SU-MIMO transmission with a rank greater than
1. In response to a PDSCH reception with multiple TBs, a UE
generates multiple respective HARQ-ACK information bits.
However, it is possible for a UE to always generate only one
HARQ-ACK bit per PDSCH reception by applying HARQ-
ACK spatial-domain bundling. With spatial-domain bun-
dling, the HARQ-ACK bit has the NACK value when at least
one TB is incorrectly received and has the ACK value when
all TBs are correctly received.

For a Time Division Duplex (TDD) communication sys-
tem, a PDSCH in several DL subframes may be received
before a UL subframe is available for HARQ-ACK transmis-
sion, either ina PUSCH or in a PUCCH. Then, a UE may need
to transmit multiple HARQ-ACK information bits in a single
UL subframe. For HARQ-ACK payload Oz 42 bits, a
linear block code, such as the (32, Oz 4cx) Reed-Mueller
code, may be used.

The fundamental conditions for the proper HARQ-ACK
transmission in a PUSCH are for the UE and the NodeB to
have the same understanding (1) of whether HARQ-ACK
information is included in the PUSCH, (2) of the correspond-
ing HARQ-ACK payload, and (3) of how the HARQ-ACK
information bits are multiplexed in the PDSCH.

For a Frequency Division Duplex (FDD) communication
system and single-cell operation, no specific measures are
necessary to ensure the above common understanding, as the
communication is over a single cell and the HARQ-ACK
information is for a single PDSCH.

In TDD, due to the additional time dimension relative to
FDD, a DL Assignment Index (DAI) Information Element
(IE), V7%, may be included in UL SAs to inform a UE of
the HARQ-ACK payload, if any, to convey in a PUSCH (UL
DAI). A DAIIE is also included in DL SAs, V,,, /2%, fora UE
to determine whether it has missed any DL SA, except for the
last DL SA, when the UE transmits HARQ-ACK in the
PUCCH (DL DAI). As the NodeB cannot predict whether a
given UE will have DL SAs in future DL subframes, the
Vit is arelative counter that is incremented in each DL SA
transmitted to a given UE and starts from the beginning after
the last DL subframe linked to the UL subframe of the
HARQ-ACK signal transmission.

FIG. 4 illustrates a conventional PUCCH structure in one
subframe slot for a UE to transmit multi-bit HARQ-ACK
information based on a DFT-S-OFDM transmission method.

Referring to FIG. 4, after encoding and modulation using,
for example, an RM block code and QPSK, respectively, a set
of the same HARQ-ACK bits 410 is multiplied 420 with
elements of an Orthogonal Covering Code (OCC) 430 and is
subsequently DFT precoded 440. For example, for 5 symbols
per slot carrying HARQ-ACK bits, the OCC has length 5
{0CC(0), OCC(1), OCC(2), OCC(3), OCC(4)} and can be
eitherof {1,1,1,1,1}, or {1, exp(j2/5), exp(j4n/5), exp(j67/
5), exp(j8m/5)}, or {1, exp(j4n/5), exp(i8x/5), exp(j27/5),
exp(j6m/5)}, or {1, exp(j6n/5), exp(j2/5), exp(j8n/5), exp
(j4r/5)}, or {1, exp(j8/5), exp(j6rt/5), exp(j47/5), exp(j2n/5.
The output is passed through an IFFT 450 and it is then
mapped to a DFT-S-OFDM symbol 460.

As the previous operations are linear, their relative order
may be inter-changed. Because the PUCCH transmission is in
1 PRB, which include N, *5=12 REs, 24 encoded HARQ-
ACK bits are transmitted in each slot with QPSK modulation
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(12 HARQ-ACK QPSK symbols). The same or different
HARQ-ACK bits may be transmitted in the second slot of the
subframe. In addition to HARQ-ACK signals, RSs are trans-
mitted in each slot to enable coherent demodulation of the
HARQ-ACK signals. The RS is constructed from a length-12
CAZAC sequence 470, which passes through an IFFT 480,
and is mapped to another DFT-S-OFDM symbol 490.

FIG. 5 illustrates a conventional UE transmitter for HARQ-
ACK signals in a PUCCH.

Referring to FIG. 5, the HARQ-ACK information bits 505
are encoded and modulated by an encoder and modulator 510
and then multiplied with an element of the OCC 525 for the
respective DFT-S-OFDM symbol by multiplier 520. The out-
put of the multiplier 520 is then precoded by DFT precoder
530. After DFT precoding, sub-carrier mapping is performed
by sub-carrier mapper 540, under control of controller 550.
Thereafter, the IFFT is performed by IFFT 560, a CP is added
by CP inserter 570, and the signal is filtered by filter 580,
thereby generating the transmitted signal 590. For brevity,
additional transmitter circuitry such as digital-to-analog con-
verter, analog filters, amplifiers, and transmitter antennas are
not illustrated in FIG. 5.

FIG. 6 illustrates a conventional NodeB receiver for
HARQ-ACK signals in a PUCCH.

Referring to FIG. 6, after receiving an RF analog signal and
converting the analog signal to a digital signal 610, the digital
signal 610 is filtered by filter 620 and a CP is removed by CP
remover 630. Subsequently, the NodeB receiver applies a Fast
Fourier Transform (FFT) by FFT 640, performs sub-carrier
demapping by sub-carrier demapper 650 under the control of
controller 655, and applies an Inverse DFT (IDFT) by IDFT
660. The output of the IDFT 660 is then multiplied with an
OCC element 675 for the respective DFT-S-OFDM symbol
by multiplier 670. An adder 680 sums the outputs for the
DFT-S-OFDM symbols conveying HARQ-ACK signals over
each slot, and a demodulator and decoder 690 demodulates
and decodes the summed HARQ-ACK signals over both sub-
frame slots to obtain the transmitted HARQ-ACK informa-
tion bits 695.

The HARQ-ACK signal transmission power in a PUCCH
in subframe 1, Ppy (1), is assumed to be given as shown in
Equation (3).

3

In Equation (3), the measure is decibels (dBs) per milliwatt
(dBm), Py, v 1s the maximum transmission power config-
ured to the UE, Q(i) contains cell-specific and UE-specific
parameters, which are not material to the present invention,
and h(Oy, 2 4cx) 15 @ monotonically increasing function of
the HARQ-ACK payload Ogzp 4cx- The derivation of
Proccrs(l) in Equation (3) does not account for possible punc-
turing of DFT-S-OFDM symbols in a PUCCH, such as, for
example, the last symbol to accommodate SRS transmis-
sions, or for possible multiplexing of additional information
other than HARQ-ACK in a PUCCH.

For HARQ-ACK transmission in a PUSCH, as the PUSCH
transmission power is determined assuming data transmis-
sion and as the transmission powers of HARQ-ACK REs and
data REs are the same, the HARQ-ACK reception reliability
depends on the number of respective REs as reflected in
Equation (1). For HARQ-ACK transmission in a PUCCH, the
number of REs is predetermined (12 REs over one UL sub-
frame) and the HARQ-ACK reception reliability depends on
the transmission power of the HARQ-ACK signal.

In order to increase peak data rates, the NodeB can config-
ure a UE with Carrier Aggregation (CA) of multiple cells to
provide higher operating BWs. For example, to support com-

P PUCCH(i):miH{P CMAA’:h(OHARQ—ACK)+Q(i)}
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munication over 60 MHz to a UE, CA of three 20 MHz cells
can be used. Assuming that the PDSCH in each cell conveys
different TBs, the UE generates separate HARQ-ACK infor-
mation for the respective TBs received in each cell. This is
similar to single-cell TDD operation, where the UE generates
separate HARQ-ACK information for the respective TBs
received in each DL subframe for which the HARQ-ACK
transmission is in the same UL subframe.

Unlike the DL SAs in different subframes of a TDD sys-
tem, for DL CA, the NodeB knows the total number of
PDSCH or DL SAs it transmits to a UE in a given subframe.
A cell-domain DL DAI IE can then be introduced in DL SAs
which, unlike the time-domain DL DAI IE in a TDD system
that is a relative counter for the respective DL SA, can be an
absolute counter conveying the total number of DL SAs ina
given subframe.

A UE is configured with C cells for DL CA. In C,=C cells,
the UE is configured with a PDSCH TM that supports 2 TBs
and requires 2 HARQ-ACK information bits. In the remain-
ing C-C, cells, the UE is configured with a PDSCH TM that
supports 1 TB and requires ]| HARQ-ACK information bit. In
a given subframe, P<C PDSCH are transmitted to a UE, with
P,=P PDSCH requiring feedback of 2 HARQ-ACK informa-
tion bits and P-P, PDSCH requiring feedback of 1 HARQ-
ACK information bit for a total of N, #“=P, P, trans-
mitted TBs and a total of P+P, HARQ-ACK bits. The UE
receives R<P PDSCH with R,<P, PDSCH requiring feed-
back of 2 HARQ-ACK information bits and R-R, PDSCH
requiring feedback of 1 HARQ-ACK information bit for a
total of N,"*“*""**=R 4R, received TBs and a total of R+R,
HARQ-ACK bits. Dynamic switching in a cell betweena TM
requiring 2 HARQ-ACK information bits and a TM requiring
1 HARQ-ACK information bit is supported.

FIG. 7 illustrates a set of cells configured to a UE, a subset
of configured cells with PDSCH transmission in a given sub-
frame from a NodeB to the UE, and a further subset of cells
wherein the PDSCH transmission from the NodeB is received
by the UE.

Referring to FIG. 7, a UE is configured with C=4 cells, 710,
712, 714, and 716. The PDSCH in C,=2 cells, 710 and 716,
conveys 2 TBs. The NodeB transmits DI, SAs (and the asso-
ciated PDSCHs, if any) in P=3 cells, 720, 722, and 726. The
NodeB does not transmit DL SA in C-P=1 cell 724. The UE
receives DL SAs in R=2 cells, 730 and 732, it does not receive
DL SA in one cell 734, and misses the DL. SA (and the
associated PDSCH, if any) in one cell 736.

For HARQ-ACK transmission in a PUCCH and absence of
cell-domain DL DAI IE, because a UE may miss some DL
SAs, a common understanding for the HARQ-ACK payload
between the UE and the NodeB can be achieved only if the
HARQ-ACK payload is always the maximum one of
Owsro-4cx=C+C; bits (or, with spatial-domain bundling,
Opr4ro-4c5=C bits). Using the maximum HARQ-ACK pay-
load of Oy ygp 4ex=C+C, bits does not create additional
resource overhead. The UE may transmit a NACK or a DTX
(in case of tri-state HARQ-ACK information) for the C+C,—
R-R, TBs it did not receive, but the NodeB already knows the
cells with no DL SA or PDSCH transmission to the UE and
can use the knowledge that the UE transmits a NACK for each
of'those TBs (a-priori information) to improve the reception
reliability of the HARQ-ACK CW. Then, even though the
HARQ-ACK payload is 044z 4cx=C+C,, bits, the reception
reliability of the HARQ-ACK CW is practically the one
obtained if the HARQ-ACK payload was P+P, bits (or, with
spatial-domain bundling, P bits).

The NodeB is able to use a-priori information to improve
the decoding reliability of the HARQ-ACK CW because a
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linear block code and QPSK are assumed to be used for the
encoding and modulation of the HARQ-ACK bits, respec-
tively. Simply, the NodeB considers only HARQ-ACK CWs
having NACK (binary ‘0’) at the predetermined locations as
candidates. Due to the implementation of the decoding pro-
cess, the use of the a-priori information would be impractical
orimpossible if a convolutional code or a turbo code was used
for the encoding or if QAM was used for the modulation of
the HARQ-ACK bits.

Although HARQ-ACK signal transmission in a PUCCH
with the maximum payload of O zp 4cx=C+C, bits (or,
with spatial-domain bundling, of O zs 4x=C bits) does
not generate additional resource overhead, it may use larger
HARQ-ACK signal transmission power than that needed to
achieve the desired reception reliability because the HARQ-
ACK payload in the PUCCH is larger than or equal to the
actual one of P+P, bits (or, with spatial-domain bundling, of
P bits).

Transmission with larger power than necessary increases
UE power consumption and creates additional interference,
thereby degrading the reception reliability of signals trans-
mitted in the same BW in other cells.

For HARQ-ACK transmission in a PUSCH, using the
maximum HARQ-ACK payload creates unnecessary
resource overhead when the actual HARQ-ACK payload is
smaller than the maximum one. HARQ-ACK transmission is
assumed to be in a single PUSCH, which may be determined,
for example, based on a predetermined prioritization for the
configured cells.

Therefore, there is a need for deriving the HARQ-ACK
payload for transmission in the PUSCH and reducing the
corresponding overhead for DL CA.

There is another need for deriving the HARQ-ACK signal
transmission power in the PUCCH, while both achieving the
desired reception reliability for the HARQ-ACK CW and
minimizing interference and UE power consumption for DL,
CA.

There is another need for setting the appropriate HARQ-
ACK transmission power in the PUCCH, while considering
the existence of SRS transmission and the multiplexing of
other information in the same PUCCH transmission.

There is another need for designing a cell-domain DL DAI
IE inthe DL SAs and a cell-domain UL DATIE in the UL SAs,
such that the overhead for HARQ-ACK transmission in the
PUSCH is minimized, while achieving proper functionality.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been designed to
address at least some of the aforementioned limitations and
problems occurring in the prior art and the present invention
provides at least the advantages as described below.

An aspect of the present invention is to provide methods
and apparatuses for a UE to determine the HARQ-ACK pay-
load for transmission in a PUSCH and the HARQ-ACK sig-
nal transmission power for transmission in a PUCCH while
considering the existence and design of a DAI IE in DCI
formats scheduling PDSCH receptions by the UE, the exist-
ence and design of a DAI IE in DCI formats scheduling
PUSCH transmissions by the UE, and the transmission of
other information or signals, by the UE, during a TTI the UE
transmits an HARQ-ACK signal in a PUCCH.

In accordance with an aspect of the present invention, a
method is provided for a UE to transmit at least two HARQ-
ACK bits. Information for at least two configured cells and
information for a transmission mode for each of the at least
two configured cells are received. At least one transport block
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is received on the at least two configured cells. The at least
two HARQ-ACK bits are generated based on a number of the
at least two configured cells and the transmission mode for
each of the at least two configured cells. Transmission power
for the at least two HARQ-ACK bits is adjusted based on a
number of the received at least one transport block. The at
least two HARQ-ACK bits are transmitted on a PUCCH. A
transmission mode supports one transport block or up to two
transport blocks.

In accordance with another aspect of the present invention,
a UE is provided for transmitting at least two HARQ-ACK.
The UE includes a receiver configured to receive information
for at least two configured cells and information for a trans-
mission mode for each of the at least two configured cells, and
to receive at least one transport block on the at least two
configured cells. The UE also includes a generator configured
to generate the at least two HARQ-ACK bits based on a
number of the at least two configured cells and the transmis-
sion mode for each of the at least two configured cells. The
UE further includes a transmitter configured to adjust trans-
mission power for the at least two HARQ-ACK bits based on
a number of the received at least one transport block, and to
transmit the at least two HARQ-ACK bits on a PUCCH. A
transmission mode supports one transport block or up to two
transport blocks.

In accordance with another aspect of the present invention,
a method is provided for a Node B to receive at least two
HARQ-ACK bits. Information for at least two configured
cells and information for a transmission mode for each of the
at least two configured cells are transmitted. At least one
transport block is transmitted on the at least two configured
cells. The at least two HARQ-ACK bits are received which
are generated based on a number of the at least two configured
cells and the transmission mode for each of the at least two
configured cells, and which are transmitted by adjusted trans-
mission power for the at least two HARQ-ACK bits based on
a number of the received at least one transport block on a
PUCCH. A transmission mode supports one transport block
or up to two transport blocks.

In accordance with another aspect of the present invention,
a Node B is provided for receiving at least two HARQ-ACK
bits. The Node B includes a transmitter configured to transmit
information for at least two configured cells and information
for atransmission mode for each of the at least two configured
cells, and to transmit at least one transport block on the at least
two configured cells. The Node B also includes a receiver
configured to receive the at least two HARQ-ACK bits which
are generated based on a number of the at least two configured
cells and the transmission mode for each of the at least two
configured cells, and which are transmitted by adjusted trans-
mission power for the at least two HARQ-ACK bits based on
a number of the received at least one transport block on a
PUCCH. A transmission mode supports one transport block
or up to two transport blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present invention will be more apparent from the follow-
ing detailed description taken in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a diagram illustrating a conventional PUSCH
subframe structure;

FIG. 2 is a block diagram illustrating a conventional trans-
mitter for transmitting data information and HARQ-ACK
information in a PUSCH,;
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FIG. 3 is a block diagram illustrating a conventional
receiver for receiving data information and HARQ-ACK
information in the PUSCH;

FIG. 4 is a block diagram illustrating a conventional
PUCCH structure in one subframe slot for transmission of
multi-bit HARQ-ACK information based on the DFT-S-
OFDM transmission method;

FIG. 5 illustrates a conventional UE transmitter of a
HARQ-ACK signal in a PUCCH;

FIG. 6 illustrates a conventional NodeB receiver of a
HARQ-ACK signal in a PUCCH;

FIG. 7 is a diagram illustrating a conventional set of con-
figured cells to a UE, a subset of configured cells with
PDSCH transmission in a given subframe from a NodeB to
the UE, and a further subset of cells where the PDSCH trans-
mission from the NodeB is received by the UE;

FIG. 8 is a diagram illustrating a cell-domain UL DAI IE
depending on a duplex mode (FDD or TDD) and on a use of
DL CA, according to an embodiment of the present invention;

FIG. 9 is a diagram illustrating placement of DTX code-
word sub-carriers and of HARQ-ACK codeword sub-carriers
in a PUSCH, according to an embodiment of the present
invention;

FIG. 10 is a flowchart illustrating a UE transmitter multi-
plexing HARQ-ACK information in a PUSCH using an
Absolute Counter DL, DAI IE and separately encoding a
HARQ-ACK payload and a DTX payload, according to an
embodiment of the present invention;

FIG. 11 is a flowchart illustrating a NodeB receiver receiv-
ing HARQ-ACK information multiplexed in a PUSCH using
an Absolute Counter DL DAI IE and separately decoding s
HARQ-ACK payload and s DTX payload, according to an
embodiment of the present invention;

FIG. 12 is a flowchart illustrating a UE transmitter multi-
plexing HARQ-ACK information in a PUSCH using a For-
ward Relative Counter (FRC) DL DAI IE, assuming no DTX
feedback, according to an embodiment of the present inven-
tion;

FIG. 13 is a flowchart illustrating a NodeB receiver receiv-
ing HARQ-ACK information multiplexed in a PUSCH using
an FRC DL DAL IE, assuming no DTX feedback, according
to an embodiment of the present invention;

FIG. 14 is a flowchart illustrating a UE transmitter multi-
plexing HARQ-ACK information in a PUSCH using a Bit-
Map DL DAI IE and jointly encoding a HARQ-ACK payload
and a DTX payload, according to an embodiment of the
present invention;

FIG. 15 is a flowchart illustrating a NodeB receiver receiv-
ing HARQ-ACK information multiplexed in a PUSCH using
a Bit-Map DL DAI IE and jointly decoding a HARQ-ACK
payload and a DTX payload, according to an embodiment of
the present invention;

FIG. 16 is a diagram illustrating different CS values for an
RS in a PUSCH to implicitly provide DTX feedback, accord-
ing to an embodiment of the present invention; and

FIG. 17 is a flowchart illustrating a method of a UE to
receive DL SAs having at least two different values for an
Absolute Counter DL DAI IE or for a Bit-Map DL DAI IE,
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Various embodiments of the present invention will now be
described in more detail hereinafter with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in many different forms and should not be
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construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete and will fully convey the
scope of the present invention to those skilled in the art.

Additionally, although the embodiments of the present
invention will be described below with reference to DFT-
spread OFDM transmission, the embodiments are also appli-
cable to Frequency Division Multiplexing (FDM) transmis-
sions in general and to Single-Carrier Frequency Division
Multiple Access (SC-FDMA) and OFDM in particular.

Certain embodiments of the present invention consider
designs for a cell-domain DAIIE in DL SAs (DL DAI) and in
UL SAs (UL DAI), the determination of the HARQ-ACK
payload in a PUSCH, the setting of the HARQ-ACK signal
transmission power in a PUCCH, and the overall support of
HARQ-ACK transmission in conjunction with DL, CA.

These embodiments of the present invention consider an
FDD communication system. SPS PDSCH transmissions
(without an associated DL SA) are not explicitly considered,
but the respective HARQ-ACK information bits, if any, can
be assumed to be placed at a predetermined location in the
HARQ-ACK CW, e.g., in the beginning of the HARQ-ACK
CW. Further, a DL SA not being associated with a respective
PDSCH, but instead being used to serve other purposes, will
not be explicitly considered, but a UE is assumed to generate
aHARQ-ACK bit corresponding to such DL DA. Also, unless
explicitly mentioned, HARQ-ACK spatial-domain bundling
is not assumed. The modification for each embodiment of the
present invention when spatial-domain bundling applies is
straightforward and will be regularly mentioned. The NodeB
and a UE are assumed to have the same understanding of the
relative index of each cell configured to the UE, e.g., Cell 0,
Cell 1, etc.

With respect to single-cell TDD, there are two main differ-
ences with DL CA:

a) The NodeB knows a total number of cells with transmis-
sion of DL SAs or PDSCHs to a UE in a subframe. In TDD,
the NodeB is not assumed to know in advance the total num-
ber of subframes with transmission of DL SAs or PDSCHs to
a UE.

b) The configured PDSCH TM to a UE can vary among
configured cells. In TDD, it is assumed to be the same across
all DL subframes having transmission of HARQ-ACK infor-
mation in the same UL subframe.

Cell-Domain UL DAI IE

For a UE configured with a single DL cell in an FDD
system, as all PDCCHs to the UE are transmitted in the same
cell, it is not necessary to have a UL DAI IE in a UL SA
scheduling a PUSCH to indicate whether the UE should
include in the PUSCH HARQ-ACK information associated
witha DL SA, because when a UE misses the DL SA, itis also
highly likely to the UE will also miss the UL SA in the same
subframe.

The above-described operational characteristic is not
applicable for a UE configured with a DL CA because a UL
SA may be transmitted in a cell without a DL SA. Accord-
ingly, the correlation between a DL SA miss and a UL SA
miss can be very low. This is analogous to single-cell TDD
where a UL DAI IE is included in UL SAs to account for the
event that a UL SA is received in a subframe while DL SAs
are missed in some other subframes.

Unlike single-cell TDD, in accordance with an embodi-
ment of the present invention, for DL CA in an FDD system,
a single-bit UL DAI IE is used to indicate whether a UE
should include HARQ-ACK information in a PUSCH trans-
mission is sufficient because for all (cell-domain) DL. DAI TE
design alternatives that will be subsequently described, a
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multi-bit UL DAI IE is useful only when all DL SAs are
missed. However, as UL SA reception in at least one cell is
assumed and as DL SA misses among different cells are
typically not highly correlated, the probability of missing all
DL SAs is practically negligible. 5

For a TDD system, the existence of the UL DAI IE does not
depend on whether the UE is configured with a single DL cell
or with multiple DL cells. When a DL DAI IE is not sup-
ported, a multi-bit UL DAI IE can be considered to dimension
the HARQ-ACK payload in the PUSCH as for a conventional 10
single-cell TDD system.

For a TDD system and a UE configured C cells for DL CA,
as the HARQ-ACK transmission is in a single PUSCH, the
size of the UL DAI IE should scale with c relative to the UL
DAI IE for single-cell operation. For example, the interpre-
tation of a UL DAI IE including 2 bits in a single-cell mode is
shown in Table 1 for a given configuration of DL/UL sub-
frames. Assuming that all C cells have the same configuration
of DL/UL subframes, the number of UL DAI IE bits should be
equalto 2 C.

20

TABLE 1

Single-Cell Mode in TDD - Mapping UL DAI IE values to number of
PDSCHs.

VpuE (or Vi 25 Number of PDSCH (or DL SAs)

0.0 1
0.1 2
1.0 3 30
1.1 0

In order to avoid having a variable number of UL DAI IE
bits, based on the value of C, the maximum value C,, , may be
used and the number of cell-domain UL DAI IE bits is then
equalto 2C,,,.. For example, for C,,,,,=5, the cell-domain UL
DAIIE includes 10 bits. To avoid an overhead of 10 bits in UL
SAs, compression of the mapping or of the HARQ-ACK
payload can be applied.

In one approach, HARQ-ACK bundling across cells is
applied in TDD. The operation is then equivalent to that of a
single-cell system and a 2-bit UL DAI IE suffices.

In another approach, the number of cell-domain UL DAIIE
bits is maintained at 2, but their interpretation may change
depending on the value of C. For example, for C=2 or C=3,
the interpretation of the cell-domain UL DAI IE can be as in
Table 2.

Alternatively, a smaller than linear increase in the number
of cell-domain UL DAI IE bits can be considered. For
example, the cell-domain UL DAI IE may increase by 1 bit.
The same process can apply for the DL. DAI IE in DL SAs for
a TDD system in a CA mode.

40

50

TABLE 2 55

DL CA mode (2 cells) in TDD - Mapping UL DAI IE values to number

Vit Number of PDSCH Number of PDSCH
(or VP (or DL SAs)-C=2 (orDL SAs)-C =3
0.0 2 3 60
0.1 4 6
1.0 6 9
1.1 0 0

FIG. 8 illustrates a cell-domain UL DAI IE depending on a
duplex mode (FDD or TDD) and on a use of DL. CA, accord-
ing to an embodiment of the present invention.
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Referring to FIG. 8, for an FDD system operating in a
single-cell mode 810, there is no UL DAI IE 815. Fora TDD
system operating in a single-cell mode, there is a UL DAI IE
inthe UL SAs 825. For an FDD system operating in a DL CA
mode 830, there is a single bit UL DAI IE 835. For a TDD
system operating in a DL, CA mode 840, the number of UL
DAL IE bits is compressed to be the same as for operation in
a single-cell mode, with mapping depending of the number of
configured cells 845.

Cell-Domain DL DAI IE

The following options are considered for the cell-domain
DL DAI IE design:

a) Absolute Counter DL DAI IE

b) Forward Relative Counter (FRC) DL DAI IE

¢) Bit-Map DL DAI IE

d) No DL DAI IE

The determination of the HARQ-ACK payload for multi-
plexing in the PUSCH and the determination of the HARQ-
ACK signal transmission power for transmission in the
PUCCH are subsequently discussed for each option.

Absolute Counter DL DAI IE

An Absolute Counter DL DAI IE informs a UE the total
number P<C of DL SAs in a given subframe and a UE expects
it to have the same value (P) in all DL SAs it receives. For
example, for a maximum of C=5 cells, the Absolute Counter
DL DAI IE may consist of 3 bits. However, a 2-bit Absolute
Counter DL, DAI IE is sufficient and can be interpreted as
shown in Table 3.

An error may occur only if a UE misses 4 DL SAs (when 4
or 5 DL SAs are transmitted). For example, if there are 4 DL
SAs transmitted to a UE and the UE misses all of them, the
Absolute Counter DL DAI IE may be interpreted by the UE as
indicating 0 DL SAs, instead of 4 DL SAs. However, the
probability of these error events is practically negligible.

TABLE 3

Mapping Absolute Counter DL DAI IE values to number of PDSCHs
(or DL SAs).

Absolute Counter DL DAI Number of PDSCH Transmissions

IE (or DL SAs)-C =5
0.0 0
0.1 1
1.0 2
11 3
0.0 4
0.1 5

As the Absolute Counter DL DAI IE provides only the total
number P<C of DL SAs to a UE in a DL subframe and does
not inform which cells transmitted DL SAs, a UE cannot
know which DL SA and associated PDSCH it missed, and
therefore, the UE cannot properly generate the HARQ-ACK
information.

For example, for a UE with C=3 configured cells, with each
cell having the same PDSCH TM (for simplicity) requiring
feedback of 1 HARQ-ACK bit, if DL SAs in a given subframe
are transmitted in the first and second cells (P=2) and the UE
only receives the DL SA in the second cell, the UE cannot
know if the HARQ-ACK feedback should be {NACK/DTX,
ACK or NACK} or {ACK or NACK, NACK/DTX}, as the
UE does not know whether it missed the PDSCH in the first
cell or in the third cell. Therefore, the UE and the NodeB
cannot be ensured to have the same understanding about the
generated HARQ-ACK information.

This issue can be resolved if a UE also provides DTX
feedback for each configured cell. As each cell is to be iden-
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tified, the DTX payload is C bits. In an alternative embodi-
ment, for P=4 or P=5, the DTX payload can be reduced to a
maximum of 3 bits, if the probability of a UE missing 3 or
more DL SA can be neglected in practice. In the following, a
generalization of the DTX payload to D bits is assumed (for
example, D=P if P<3 and D=3 if P>3).

If the DTX payload is jointly coded with a HARQ-ACK
payload, the HARQ-ACK payload is fixed t0 Oz 4cx=2P
bits, if P<C,, or Oy z_gex=P+C, bits, if P>C,. Then, adding
the DTX payload, the total payload is O,,,,~2P+D bits, if
P<C, or O, ,,~P+C,+D bits, if P>C,.

Ifthe DTX payload and the HARQ-ACK payload are sepa-
rately coded (the same coding scheme as for D HARQ-ACK
bits may apply for the DTX payload), the minimum HARQ-
ACK payload of Oy 4z 4cx=R+R, bits is achieved while the
DTX payload is Op =D bits. Moreover, there is no possi-
bility for ambiguity if no DL SA is received (a 1-bit UL DAI
1E will work for multiple DL, SAs). The NodeB first decodes
the DTX CW, and then determines the size and decodes the
HARQ-ACK CW. If DTX is indicated for a cell from which a
DL SA was transmitted, the respective HARQ-ACK bit can
have a predetermined value, such as a NACK (binary 0),
which the NodeB receiver may exploit to improve the detec-
tion reliability, because linear block coding is assumed.

The DTX CW should be placed prior to the HARQ-ACK
CW, as the DTX CW has a predetermined size and should be
decoded first in order for the NodeB to determine the HARQ-
ACK CW size. The number of HARQ-ACK CW REs in the
PUSCH is determined for a payload of Oz 5. 4cx=R+R; bits
and the number of DTX CW REs in the PUSCH is determined
for a payload of Op,=D bits. A DTX-specific offset value
BoﬁetD ¥ may also be defined to ensure the desired DTX
reception reliability; otherwise, B, .~ may be assumed to
be the same as BoﬁetHARQ'ACK.

If the DTX payload and the HARQ-ACK payload are
jointly coded, the exact ordering of HARQ-ACK bits and
DTX bits does not matter, as long as the UE encoder and the
NodeB decoder consider the same ordering, as the size of the
combined CW is predetermined. For example, the DTX bits
can be placed after the HARQ-ACK bits or the HARQ-ACK
bits conveying actual information (non-DTX) can be placed
first. The number of PUSCH REs for the resulting CW is
determined using previously described formulas for a pay-
load of O,,,,,/~2P+D bits if P<C,, and O,,,,~P+C,+D bits if
P>C,.

FIG. 9 illustrates DTX CW REs and HARQ-ACK CW REs
placement in a PUSCH, according to an embodiment of the
present invention.

Referring to FIG. 9, similar to HARQ-ACK CW REs 920,
DTX CW REs 910 are placed in two DFT-S-OFDM symbols
nextto an RS 930 in each subframe slot starting from a top RE
(in the virtual frequency domain) to provide a known starting
point to the NodeB. The number of DTX CW REs is deter-
mined from the DTX payload of O, =D bits and is known to
the NodeB. The HARQ-ACK CW REs are placed after the
DTX CW REs and their number is determined from the
HARQ-ACK payload of Oz . 4cx=R+R, bits, which is not
known in advance to the NodeB, but becomes known after
decoding the DTX CW. The remaining of the PUSCH sub-
frame is used to transmit data information 940 and possibly
other control information and SRS, i.e., a last DEFT-S-OFDM
symbol of the subframe.

Herein below, for brevity, a description of the functions of
the UE transmitter and of the NodeB receiver when there is no
DTX feedback, when separately coding HARQ-ACK pay-
load and DTX payload, and when jointly coding HARQ-
ACK payload and DTX payload will be given alternatively
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for each candidate DL DAI IE design as there are no material
changes in the corresponding operations. For the Absolute
Counter DL DAIIE, separate coding is described. Foran FRC
DL DAIIE, when there is no DTX feedback is described. For
a Bit-Map DL DAI IE, joint coding is described.

If HARQ-ACK payload and DTX payload are separately
coded, UE operations for transmitting and NodeB operations
forreceiving the HARQ-ACK payload are identical for all DL
DALI IE designs under consideration, even through the infor-
mation provided by the DL DAI IEs may vary. Each coding
operation can be based, for example, on repetition coding, or
simplex coding, or on (32, O) RM block coding.

FIG. 10 is a flowchart illustrating a UE transmitter for
multiplexing HARQ-ACK information in a PUSCH using an
Absolute Counter DL, DAI IE and separately encoding a
HARQ-ACK payload and a DTX payload.

Referring to FIG. 10, in a given DL subframe II, the UE
receives R DL SAs in step 1010. Each of the R DL SAs
includes an Absolute Counter DL DAI IE, which informs the
UE of the total number P of DL SAs in subframe n in step
1020. After decoding the data TBs in each PDSCH, the UE
generates and encodes the HARQ-ACK payload of
Orrarp.4cx=R+R, bits in step 1030. Based on the value of the
Absolute Counter DL DAI IE, the UE also separately encodes
the DTX payload of O, =D bits in step 1040. Due to HARQ
process delay, the UE transmits the multiplexed data, HARQ-
ACK, and DTX in the PUSCH in subframe n+4 in step 1050.

FIG. 11 is a flowchart illustrating a NodeB receiver receiv-
ing HARQ-ACK information multiplexed in a PUSCH using
an Absolute Counter DL DAI IE and separately decoding s
HARQ-ACK payload and s DTX payload, according to an
embodiment of the present invention.

Referring to FIG. 11, the NodeB first receives the PUSCH
including the HARQ-ACK CW and the DTX CW in step
1110. The NodeB then decodes the DTX CW to obtain the
Op =D bits in step 1120. Based on decoded DTX CW, in
step 1130, the NodeB determines the cells from which the UE
received PDSCH and the size of the HARQ-ACK CW. In step
1140, the NodeB decodes the HARQ-ACK CW to obtain the
payload of Oz scx=R+R, bits.

For HARQ-ACK transmission in a PUCCH and joint cod-
ing of the HARQ-ACK payload and of the DTX payload,
although the total payload is O zo 4cx+Op=C+CotD
bits, the UE adjusts the PUCCH transmission power in UL
subframe i assuming a payload of O,y ,,,,=2P+D bits if
P=<C, or of Oy _,,,,,“P+C,+D bits if P>C, and Ppyrecp(i)=
min{P /v B0z, )+QM)}-

With the above adjustment, the HARQ-ACK signal trans-
mission is reduced as O, _,,,, is smaller than or equal to
Owsro-4cx+Opry- This in turn reduces interference gener-
ated by the HARQ-ACK signal transmission and reduces UE
power consumption without causing the HARQ-ACK CW
reception reliability to fall below a desired target. Using
Ogr pu, instead of Opyro 4extOpry t0 determine the
HARQ-ACK signal transmission power in the PUCCH is
practical due the use of a linear block code, such as the RM
block code, and the use of QPSK for the encoding and modu-
lation of the HARQ-ACK bits, respectively. These two
aspects enable the NodeB receiver to exploit a-priori infor-
mation about some of the O zp 4cx=C+C, bits in the
HARQ-ACK CW in order to improve its detection reliability.

Forward Relative Counter DL DAI IE

The FRC DL DAI IE exploits the fact that the NodeB
knows the total number of DL SAs it transmits toa UE in a
given subframe. Then, by ordering the configured cells, for
example, through higher layer signaling, a 3-bit FRC DL DAI
IE can serve both as a Relative Counter DL DAI and to
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indicate if there is an additional DL SA for a maximum of
C=5 configured cells. The first 2 bits indicate the DL, SA
number (relative counter) and the last bit indicates whether
there is another DL SA (forward indication). This avoids the
error case of the relative counter DL DAI in a TDD system,
when the last DL SA is missed. Error cases exist when con-
secutive DL SAs including the last one are missed, but for
each error case, the respective probability is at least an order
of' magnitude smaller than the one of missing only the last DL
SA.

Table 4 indicates FRC DL DAI IE values as a function ofa
number of DL SAs. For 5 DL SAs, the common “111” entry
in the 4” and 5” DL SA does not lead to a confusion in the 5%
DL SA as the maximum value is C=5 (any other value, for
example “000”, may also be selected). The order of the cells
is known to the UE.

TABLE 4
Forward Relative Counter DAI IE Values as a Function of Number of DL
SAs.
Number of DAIin1¥ DAIin2"™ DAIin3“ DAIin4”* DAIin5"
PDSCH DL SA DL SA DL SA DL SA DL SA
1 000 N/A N/A N/A N/A
2 001 010 N/A N/A N/A
3 001 011 100 N/A N/A
4 001 011 101 110 N/A
5 001 011 101 111 111

With the relative counter part of the FRC DL DAI IE, the
UE can know the relative order of the DL SAs and therefore,
the UE can properly perform the HARQ-ACK feedback with-
out DTX feedback under the following restrictions:

a) DTX is mapped to NACK.

b) Either spatial-domain bundling or the same TM (for
HARQ-ACK generation purposes only) is enforced across all
cells.

If HARQ-ACK spatial-domain bundling is used (when
applicable), the HARQ-ACK payload is Oz 4cx=P bits.
If spatial-domain bundling is not used, the HARQ-ACK pay-
load is Oy sz or.4cx=2P bits if P<C, or Oy zoscx=P+C, bits,
if P>C,. With the FRC DL DAI IE, the HARQ-ACK payload
of Op4zo-scx bits may be different than the total number of
TBs a UE receives (R+R,) as the UE knows to include addi-
tional HARQ-ACK bits (NACK values) for TBs that the
NodeB transmitted, but that the UE did not receive.

The previous two restrictions can be avoided if a UE also
provides DTX information (D bits). Then, with joint coding
of'the DTX payload and the HARQ-ACK payload, the total
payload is O,,,,/~2P+D bits if P<C, and O,_,,~P+C,+D bits
if P>C,. For separate coding of the HARQ-ACK payload and
the DTX payload, the minimum HARQ-ACK payload of
Ousro-4cx=R+R,; bits can be achieved. The DTX payload is
Op =D bits. The same placement criteria for the PUSCH
Res, as for the Absolute Counter DL DAI IE, applies for the
joint HARQ-ACK and DTX CW (joint coding) and for the
separate HARQ-ACK CW and DTX CW.

FIG. 12 is a flowchart illustrating a UE transmitter multi-
plexing HARQ-ACK information in a PUSCH using a For-
ward Relative Counter (FRC) DL DAI IE, assuming no DTX
feedback, according to an embodiment of the present inven-
tion.

Referring to FIG. 12, in DL subframe n, the UE receives R
DL SAs in step 1210. Each of the R DL SAs includes the FRC
DL DAI IE, which informs the UE of each DL SA number
and, if at least one of the last 2 DL SAs is correctly received,
of the total number P of DL SAs, in step 1220. In step 1230,
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the UE generates and encodes the HARQ-ACK payload of
Opr4rp.4cx=P bits, if HARQ-ACK spatial-domain bundling
(when applicable) is used, or generates and encodes the
HARQ-ACK payload of Oz 4cx=2P bits, if P<C, or of
Opirp.4cx=P+C, bits if P>C,, when spatial-domain bun-
dling is not used. In step 1240, accounting for a HARQ
process delay of 4 subframes, the UE transmits, in UL sub-
frame n+4, the multiplexed data and HARQ-ACK in a
PUSCH.

FIG. 13 is a flowchart illustrating a NodeB receiver receiv-
ing HARQ-ACK information multiplexed in a PUSCH using
an FRC DL DAL IE, assuming no DTX feedback, according
to an embodiment of the present invention.

Referring to FIG. 13, in step 1310, the NodeB first receives
the PUSCH including the HARQ-ACK CW. In step 1320,
based on the total number of DL SAs indicated by the last
value of the FRC DL DAI IE, the NodeB determines the
HARQ-ACK CW size. In step 1330, the NodeB decodes the
HARQ-ACK CW and obtains the HARQ-ACK payload of:

Opr4rp.4cx=P bits, when spatial-domain bundling is used
(when applicable); or

Opiro-acx=2P bits, if P<C,, or of Oy 4cx=P+C, bits,
if P>C,, when spatial-domain bundling is not used.

The NodeB knows in advance whether the UE applies
HARQ-ACK spatial-domain bundling (when applicable) and
can therefore correctly determine the HARQ-ACK CW size
and correctly determine the association of HARQ-ACK pay-
load with the respective PDSCH transmissions.

For HARQ-ACK transmission in a PUCCH without DTX
feedback, although the HARQ-ACK payload is Oz scx™
C+C, bits, the UE adjusts the PUCCH transmission power
assuming the transmission of O, ,,,,,=P HARQ-ACK bits,
when spatial-domain bundling applies, or assuming the trans-
missionof O, =2Pbits, if P<C,, and O,_,,,,=P+C, bits,
if P>C,, when spatial-domain bundling does not apply. Then,
in UL subframe i, Pryccny()=min{P /5, h(Ozyx ,,,)+Q
).

As described above, reducing the HARQ-ACK signal
transmission power in the PUCCH by using Oy,_,,,, instead
0f Oy zo-.acx 15 possible due to the use of a linear block code
and QPSK for the encoding and modulation, respectively, of
the HARQ-ACK bits. This enables the NodeB receiver to
exploit a-priori information about some of the Oz sox™
C+C, bits and improve the detection reliability of the HARQ-
ACK CW. In this manner, unnecessary interference and UE
power consumption are avoided without compromising the
desired reception reliability target for the HARQ-ACK CW.

For HARQ-ACK transmission in a PUCCH and joint cod-
ing of the HARQ-ACK payload with the DTX payload, using
the same principle as above, instead of the UE considering
Op4rp.4cx+Opr=C+Cy+D bits to determine the HARQ-
ACK signal transmission power, it considers O, ,,,,,=2P+D
bits, if P<C,, or it considers Oy,_,,,,=P+C,+D bits, if P>C,.
Then, in a UL subframe i, P,y peep{)Fmin{P ..
h(OTwar)+Q(i)}'

Bit-Map DL DAI IE

The Bit-Map DL DAI IE indicates each configured cell
with DL SA transmission (for example, using a binary “1”,
when there is DL SA transmission and using a binary “0”,
when there is no DI SA transmission) and includes c bits,
which the UE expects to have the same value in all DL SAs it
receives. For a maximum of C=5 configured cells, the Bit-
map DL DAI IE includes 5 bits. Using the Bit-Map DL DAI
IE, the UE can perfectly dimension the HARQ-ACK feed-
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back (unless all DL SAs are missed). For brevity, no spatial-
domain HARQ-ACK bundling is considered in the following
description.

The HARQ-ACK payload is Oz 4cx=P+P, bits. When
using the Bit-Map DL DAI IE, the HARQ-ACK payload may
be different than the total number of R+R, TBs the UE
receives, as the UE knows to include additional HARQ-ACK
bits (NACK values) for TBs of PDSCH that the UE did not
receive.

If the HARQ-ACK payload of Oz 4cx=P+P, bits is
jointly coded with the DTX payload of O, =D bits, the total
payload is O,,,,~P+P,+D bits. [fthe HARQ-ACK payload is
separately coded from the DTX payload, because the NodeB
can use the DTX information to determine the number of
PDSCHs (and TBs) received by the UE, the HARQ-ACK
payload is Oz 4cx=R+R, bits.

When using a bit-map DAI, DTX feedback from a UE is
not required for the proper detection of the HARQ-ACK
payload. Instead, the UE can transmit a NACK for each
PDSCH TB it did not receive, thereby treating an absence of
a'TB reception as an incorrect reception. The same placement
criteria applies for the REs in the PUSCH as for the Absolute
Counter DL DAI IE for the joint HARQ-ACK and DTX CW
(joint coding) and for the individual HARQ-ACK CW and
DTX CW (separate coding).

For joint coding of the HARQ-ACK payload and the DTX
payload, each DTX may be combined with each HARQ-ACK
in a 3-state or a 5-state information for a total payload of
O=[ log,((P-P,)*+(P,)’ -] bits. Here, both the UE and the
NodeB implement Tables mapping a series of ACK, NACK,
and DTX states to a CW of O bits for savings of 1-2 bits.

FIG. 14 is a flowchart illustrating a UE transmitter multi-
plexing HARQ-ACK information in a PUSCH using a Bit-
Map DL DAI IE and jointly encoding a HARQ-ACK payload
and a DTX payload, according to an embodiment of the
present invention.

Referring to FIG. 14, in a given DL subframe n, the NodeB
transmits P DL SAs and the UE receives R DL SAs in step
1410. Each of the R DL SAs includes the Bit-Map DL DAIIE
informing the UE the total number P of DL SAs and the
configured cells transmitting these DL SAs in step 1420.
After decoding the data in each PDSCH associated with each
received DL SA, in step 1430, the UE generates the HARQ-
ACK payload of Oz . 4cx=P+P, bits and the DTX payload
of Op=D bits, and the performs joint encoding of the
HARQ-ACK payload and the DTX payload. In step 1450,
because of the HARQ process delay, the UE transmit the
multiplexed data, HARQ-ACK, and DTX in the PUSCH at
UL subframe n+4.

FIG. 15 is a flowchart illustrating a NodeB receiver receiv-
ing HARQ-ACK information multiplexed in a PUSCH using
a Bit-Map DL DAI IE and jointly decoding a HARQ-ACK
payload and a DTX payload, according to an embodiment of
the present invention.

Referring to FIG. 15, in step 1510, the NodeB first receives
a PUSCH including the CW and the jointly encoded HARQ-
ACK and DTX payloads. After NodeB decodes that com-
bined CW in step 1520, the NodeB can obtain the HARQ-
ACK payload of Oz . 4cx=P+P, bits and the DTX payload
0f O, =D bits in step 1530. Based on the DTX payload, the
NodeB further determines which of the NACK values of the
HARQ-ACK payload actually correspond to DTX in step
1540.

For HARQ-ACK transmission in a PUCCH without DTX
feedback, although the HARQ-ACK payload is O 4z scx™
C+C, bits, the UE adjusts the PUCCH transmission power
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assuming the transmission of Oy, ,,,,,=P+P, bits. Then, in a

UL subframe i, Py cq(D)=min{P ez (O, 2+QD)}

Using the Bit-Map DL DATIE, Oy, _,,,,=P+P, bits may be
different, e.g., larger, than the total number of R+R, TBs the
UE receives because the UE knows to include additional
HARQ-ACK bits (NACK values) for TBs of PDSCHs the
NodeB transmitted but that the UE did not receive. Therefore,
the Bit-Map DL DAIIE enables the use of the correct HARQ-
ACK signal transmission power in the PUCCH.

For HARQ-ACK transmission in a PUCCH and joint cod-
ing of the HARQ-ACK payload and the DTX payload, the UE
adjusts the HARQ-ACK signal transmission power assuming
a payload of O =P+P,+D bits. Then, in a UL subframe

Ix_pwr

i, Ppyrecr(D)=min {P ey B(Opppyx h(Oy, Jwr)"'Q(i)}

No Cell-Domain DL DAT IE

The existence of a cell-domain DL DAI IE in DL SAs can
be avoided at the cost of the UE multiplexing, in a PUSCH,
the maximum possible HARQ-ACK payload of Oz scx™
C+C, bits. For brevity, no spatial-domain bundling is
assumed in the following with the obvious modification of the
HARQ-ACK payload of Oz 4cx=C bits applying when
spatial-domain bundling. The number of PUSCH REs for the
HARQ-ACK CW transmission is determined from the maxi-
mum HARQ-ACK payload.

If DTX (with payload O, =D bits) is supported through
joint coding with the HARQ-ACK, the total payload is
0,,,.,~C+C,+D bits and this determines the number of
PUSCH REs for multiplexing in a PUSCH the jointly coded
HARQ-ACK and DTX CW.

Ifthe HARQ-ACK payload and the DTX payload are sepa-
rately coded, the HARQ-ACK payload is O,z scx=R+R5
bits and this determines the number of PUSCH REs for the
HARQ-ACK CW multiplexing while the DTX payload is
O, =D bits and this determines the number of PUSCH REs
for the DTX CW multiplexing in a PUSCH.

Without the use of a cell-domain DL DAI IE, the HARQ-
ACK resources required to transmit Oz 4cx=C+C, may
be larger than the ones required to transmit the P+P, HARQ-
ACK bits corresponding to the TBs the NodeB transmitted to
the UE. The same placement criteria applies for the REs in a
PUSCH as for the Absolute Counter DL DAI IE for the joint
HARQ-ACK and DTX CW (joint coding) and for the indi-
vidual HARQ-ACK CW and DTX CW (separate coding).

As for the Bit-map DL DAI IE, for joint HARQ-ACK and
DTX coding, DTX may be combined with HARQ-ACK in a
3-state or in a S-state information for a total payload of
O=[ log,((C—C,)*+(C,)>~1)] bits. The tradeoff is the imple-
mentation of Tables, at both the UE and the NodeB, mapping
ACK, NACK, and DTX states to a CW of O bits versus the
savings of 1-2 bits in the total payload.

For HARQ-ACK transmission in a PUCCH without DTX
feedback, although the HARQ-ACK payload is Oy 4z scx™
C+C, bits, the UE adjusts the HARQ-ACK signal transmis-
sion power according to Oy, ,,,,,=R+R, bits. Then, in UL
subframe i, Ppy . cqg()=min{P ey, v, h(Op, ., )+QM)}

As previously described, adjusting the HARQ-ACK signal
transmission power in the PUCCH is possible because,
although O,z scx=C+C; can be larger than Oy, ,,,, =R+
R,, the NodeB receiver can utilize a-priori information
regarding the value of some of the C+C,-R-R, HARQ-ACK
bits to improve the detection reliability of the HARQ-ACK
CW.

As the UE does not know to include additional HARQ-
ACK bits (NACK values) for TBs that the UE did not receive
(if the respective DL SAs are missed), the HARQ-ACK trans-
mission power is lower than or equal to the appropriate one as
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R+R,=<P+P,. However, the increased probability of erroneous
detection for the HARQ-ACK CW due to a possibly lower
than necessary HARQ-ACK signal transmission power
should be conditioned together with the probability the UE
misses respective DL SAs. Accordingly, the overall impact on
the detection reliability of the HARQ-ACK CW due to the UE
transmitting the HARQ-ACK signal with a power determined
based on the number of received TBs is practically negligible.

For HARQ-ACK transmission in a PUCCH and joint cod-
ing of the HARQ-ACK payload and the DTX payload, for the
same reasons as previously described, the UE adjusts the
HARQ-ACK signal transmission power according to
Or ,,—R+R,+D bits. Then, in UL subframe i, Ppr,ccx(1)=
min{P oy, 5 DOz, ,,,)+Q()}-

Implicit DTX

Implicit DTX feedback may be used to avoid signaling
overhead of explicit DTX. The absolute minimum HARQ-
ACK payload of Oz 4cx=R+R, bits in a PUSCH can be
supported.

A method for implicit DTX feedback is for a UE to select
a different CS for an RS in a PUSCH to indicate the cells with
no DL SAs. Assuming the existence of DL DAI and 8 CS
values, the UE can indicate all possible DL. SA misses for
P<3,itcanindicate 2 DL SAs misses for P=4, and can indicate
1 DL SA miss for P=5. Combinations for pairs of CSs for the
RS in the first slot and the RS in the second slot may also be
used. The same concept of using different CS values for the
RS transmission to indicate DTX can be directly extended to
HARQ-ACK transmission in the PUCCH.

FIG. 16 illustrates different CS values for an RS in a
PUSCH to implicitly provide DTX feedback, according to an
embodiment of the present invention.

Referring to FIG. 16, one CS value out of 8 possible values
{CS80, CS1, CS2, CS3, CS4, CS5, CS6, CS7} for the RS
transmission ina PUSCH, is used to indicate cells from which
the UE did not receive a DL SA, assuming C=2 configured
cells. The CS selection is triggered by the reception of at least
one UL SA with a UL DAI IE indicating that the NodeB
expects the UE to include HARQ-ACK in the PUSCH; oth-
erwise, the UE applies the default CS value. If the UE
received DL SAs in both Cell 1 and Cell 2 1610, it uses CSO
for the RS transmission in the PUSCH 1615. If the UE
received a DL SA in Cell 1 but did not receive a DL SA in Cell
2 1620, it uses CS2 for the RS transmission in the PUSCH
1625. If the UE received a DL SA in Cell 2 but did not receive
a DL SA in Cell 1 1630, it uses CS4 for the RS transmission
in the PUSCH 1635. Finally, if the UE did not receive a DL
SA in either Cell 1 or Cell 2 1640, it uses CS6 for the RS
transmission in the PUSCH 1645.

The attributes of the above-described DL DAI alternatives
are summarized in Table 5 below.
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If a UE receives multiple DL SAs having different values
for the Absolute Counter DL DAI IE or for the Bit-Map DL
DAL IE, the UE may perform one of the following options:

a) Discard all DL SAs.

b) Consider as valid, the majority (or plurality), if any, of
DL SAs indicating the same value for the Absolute Counter
DL DAI IE or for the Bit-Map DL DAI IE, and discard the
remaining DL SAs.

The same alternatives as for the DL SAs apply for the UL
DAI IE, if a UE receives multiple UL SAs having different
values.

FIG. 17 is a flowchart illustrating a method of a UE to
receive DL SAs having at least two different values for an
Absolute Counter DL DAI IE or for a Bit-Map DL DAI IE,
according to an embodiment of the present invention. Spe-
cifically, FIG. 17 illustrates the behavior of a UE when it
receives multiple DL, SAs having at least two different values
for the Absolute Counter DL DAI IE or for the Bit-Map DL
DAI IE, assuming R=3 DL SA receptions and option b),
above.

Referring to FIG. 17, the UE receives a DL. SA1 having DL,
DAL IE value A in step 1710, a DL, SA2 having DL DAI IE
value B in step 1720, and a DL SA3 having DL DAI IE value
C in step 1730, and examines if all DL, DAI IE values are the
same in step 1740. If all DL DAI IE values are the same, the
UE processes all of the DL SAs as valid DL SAs in step 1750.
If all of the DL DAI IE values are not the same, the UE
determines if 2 out of the 3 DL DAI IE values are the same in
step 1760. If all of the DL DAI IE values are different, the UE
discards all of the DL, SAs in step 1770. If 2 values are the
same in step 1760, the UE processes the DL SAs with the
same DL DAI IE values and discards the DL SA with the
different DL, DAI IE value in step 1780.

Ifin a UL subframeithere is an SRS transmission in the last
DFT-S-OFDM symbol and the UE is configured by the
NodeB (through higher layer signaling) to support both
HARQ-ACK transmission in the PUCCH and SRS transmis-
sion, the HARQ-ACK transmission in the last DFT-S-OFDM
symbol of the PUCCH is suspended. As a result, the HARQ-
ACK reception reliability is degraded by approximately 10
log 10(NsymbUL/(NSymbUL—l)) dB. Therefore, in general, in
order to compensate for the loss of L HARQ-ACK transmis-
sion symbols that may be used for SRS transmissions or for
other transmissions, the PUCCH transmission power is modi-
fied as shown in Equation (4).

Prycca(i)=min{P, c14x (O _prp)+O()+10 log

10Ny (N g ~L)) Q)

While the present invention has been shown and described
with reference to certain embodiments thereof, it will be
understood by those skilled in the art that various changes in

TABLE 5
Attributes of 4 DL DAI IE Alternatives and HARQ-ACK Transmission in
PUSCH.
Absolute Counter DAI FRC DAI Bit-Map DAI ~ No DAI

DL DAI 2 Bits 3 Bits 5 Bits None

Payload - No DTX N/A O=P O=P+P, 0=C+0C,
(spatial bundling) or
O=2PifP=<C,or
O=P+C,, ifP>C,

Payload - Joint DTX O=2P+D,ifP<C20r O=2P+D,ifP=<C,or O=P+P,+D O=C+C,+D

O=P+C,+D,ifP>C,
O=R+R,+D

O0=P+C,+D,ifP>C,
Payload - Separate O=R+R,+D

DTX

O=R+R,+D O=R+R,+D
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form and details may be made therein without departing from
the spirit and scope of the present invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A method for a User Equipment (UE) to transmit at least
two Hybrid Automatic Repeat reQuest-ACKnowledgement
(HARQ-ACK) bits, the method comprising the steps of:

receiving information for at least two configured cells and
information for a transmission mode for each of the at
least two configured cells;

receiving at least one transport block on the at least two
configured cells;

generating the at least two HARQ-ACK bits based on a
number of the at least two configured cells and the trans-
mission mode for each of the at least two configured
cells;

adjusting transmission power for the at least two HARQ-
ACK bits based on a number of the received at least one
transport block; and

transmitting the at least two HARQ-ACK bits on a Physical
Uplink Control Channel (PUCCH),

wherein a transmission mode supports one transport block
or up to two transport blocks.

2. The method of claim 1, wherein the transmission power
for the at least two HARQ-ACK bits increases based on the
number of the received at least one transport block.

3. The method of claim 1, wherein the at least two HARQ-
ACK bits include one bit corresponding to one transport
block which is not received for one configured cell having a
transmission mode which supports up to two transport blocks.

4. The method of claim 1, wherein the number ofthe at least
two configured cells is based on a Downlink Assignment
Index (DAI) value in a Physical Downlink Control CHannel
(PDCCH) corresponding to a Physical Downlink Shared
CHannel (PDSCH) indicating transmission of at least one
transport block.

5. The method of claim 1, wherein the at least two HARQ-
ACK bits are transmitted on Discrete Fourier Transform
Spread Orthogonal Frequency Division Multiplexing (DFT-
S-OFDM) symbols of the PUCCH.

6. A User Equipment (UE) for transmitting at least two
Hybrid Automatic Repeat reQuest-ACKnowledgement
(HARQ-ACK) bits, the UE comprising:

areceiver configured to receive information for at least two
configured cells and information for a transmission
mode for each of the at least two configured cells, and to
receive at least one transport block on the at least two
configured cells;

a generator configured to generate the at least two HARQ-
ACK bits based on a number of the at least two config-
ured cells and the transmission mode for each of the at
least two configured cells;

a transmitter configured to adjust transmission power for
the at least two HARQ-ACK bits based on a number of
the received at least one transport block, and to transmit
the at least two HARQ-ACK bits on a Physical Uplink
Control Channel (PUCCH),

wherein a transmission mode supports one transport block
or up to two transport blocks.

7. The UE of claim 6, wherein the transmission power for
the at least two HARQ-ACK bits increases based on the
number of the received at least one transport block.

8. The UE of claim 6, wherein the atleast two HARQ-ACK
bits include one bit corresponding to one transport block
which is not received for one configured cell having a trans-
mission mode which supports up to two transport blocks.
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9. The UE of claim 6, wherein the number of the at least two
configured cells is based on a Downlink Assignment Index
(DAI) value in a Physical Downlink Control CHannel (PD-
CCH) corresponding to a Physical Downlink Shared CHan-
nel (PDSCH) indicating transmission of at least one transport
block.

10. The UE of claim 6, wherein the at least two HARQ-
ACK bits are transmitted on Discrete Fourier Transform
Spread Orthogonal Frequency Division Multiplexing (DFT-
S-OFDM) symbols of the PUCCH.

11. A method for a Node B to receive at least two Hybrid
Automatic Repeat reQuest-ACKnowledgement (HARQ-
ACK) bits, the method comprising the steps of:

transmitting information for at least two configured cells
and information for a transmission mode for each of the
at least two configured cells;

transmitting at least one transport block on the at least two
configured cells; and

receiving the at least two HARQ-ACK bits which are gen-
erated based on a number of the at least two configured
cells and the transmission mode for each of the at least
two configured cells, and which are transmitted by
adjusted transmission power for the at least two HARQ-
ACK bits based on a number of the received at least one
transport block on a Physical Uplink Control Channel
(PUCCH),

wherein a transmission mode supports one transport block
or up to two transport blocks.

12. The method of claim 11, wherein the transmission
power for the at least two HARQ-ACK bits increases based
on the number of the received at least one transport block.

13. The method of claim 11, wherein the at least two
HARQ-ACK bits include one bit corresponding to one trans-
port block which is not received for one configured cell hav-
ing a transmission mode which supports up to two transport
blocks.

14. The method of claim 11, wherein the number of the at
least two configured cells is based on a Downlink Assignment
Index (DAD value in a Physical Downlink Control CHannel
(PDCCH) corresponding to a Physical Downlink Shared
CHannel (PDSCH) indicating transmission of at least one
transport block.

15. The method of claim 11, wherein the at least two
HARQ-ACK bits are transmitted on Discrete Fourier Trans-
form Spread Orthogonal Frequency Division Multiplexing
(DFT-S-OFDM) symbols of the PUCCH.

16. A Node B for receiving at least two Hybrid Automatic
Repeat reQuest-ACKnowledgement (HARQ-ACK) bits, the
Node B comprising:

a transmitter configured to transmit information for at least
two configured cells and information for a transmission
mode for each of the at least two configured cells, and to
transmit at least one transport block on the at least two
configured cells; and

a receiver configured to receive the at least two HARQ-
ACK bits which are generated based on a number of the
at least two configured cells and the transmission mode
for each of the at least two configured cells, and which
are transmitted by adjusted transmission power for the at
least two HARQ-ACK bits based on a number of the
received at least one transport block on a Physical
Uplink Control Channel (PUCCH),

wherein a transmission mode supports one transport block
or up to two transport blocks.

17. The Node B of claim 16, wherein the transmission

power for the at least two HARQ-ACK bits increases based
on the number of the received at least one transport block.
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18. The Node B of claim 16, wherein the at least two
HARQ-ACK bits include one bit corresponding to one trans-
port block which is not received for one configured cell hav-
ing a transmission mode which supports up to two transport
blocks.

19. The Node B of claim 16, wherein the number of the at
least two configured cells is based on a Downlink Assignment
Index (DAI) value in a Physical Downlink Control CHannel
(PDCCH) corresponding to a Physical Downlink Shared
CHannel (PDSCH) indicating transmission of at least one
transport block.

20. The Node B of claim 16, wherein the at least two
HARQ-ACK bits are transmitted on Discrete Fourier Trans-
form Spread Orthogonal Frequency Division Multiplexing
(DFT-S-OFDM) symbols of the PUCCH.

#* #* #* #* #*
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